We examine linkages between aggregate household income, distribution of that income, and aggregate cross-country expenditure patterns. We are able to decompose income effects into international income dispersion effects (from variations in average income) and national income dispersion (income distribution) effects. This yields insights for relevant aggregate household specifications in computational policy models emphasizing household distribution of income. This also yields a consumption-pattern based inequality index that summarizes the projection of inequality through expenditure patterns. Estimation of flexible demand systems with representative expenditures (which reflects income distribution within countries) yields a significant relationship between representative consumption and cross-country demand patterns.
Introduction
There has been an increased interest in the linkages between national economic structures, changes in these structures vis-à-vis the global economy, and income distribution. This includes the general empirical evidence on the impact of international trade on income distribution and poverty in developing countries (Winters 2001 , Winters et al 2003 . It also includes the growing computational literature on the household impact of policy reform.
This involves the incorporation of in-country data on the household distribution of income.
We find that while statistically significant, systematic nonlinear income or Engel curve effects related to income distribution are not the major driver of variations in expenditure patterns. The one exception is the distinction between expenditures on food and non-food items. This in turn means that for many modeling purposes, an appropriately specified single representative household may remain a reasonable approximation at the macroeconomic level, even in applications than involve computational modeling focused on the household distribution of income. The results suggest that the more ambitious approach in the recent computational literature, where non-homothetic demand systems are incorporated that allow for two-way linkages between the aggregate economy and household income distribution, and also between household income distribution and the aggregate economy, may yield similar information to that from applications where aggregate households are assumed. We also explore the use of expenditure patterns to measure income distribution. The most common income distribution indexes, such as the Gini coefficient and Atkinson index, are based on one-dimensional monetary measures of the distribution of income or of expenditure on consumption. In linking income expansion path (Engel-curve) estimates with household distribution data, we obtain an index of the dispersion of income, as it manifests itself in variations in aggregate expenditure patterns. We compare this index with Gini and Atkinson indexes summarizing income distribution patterns.
Income expansion paths and inequality
In this section, we examine the impact of income levels and income dispersion (inequality) on aggregate expenditure patterns across broad expenditure categories. Our interest is twofold. First, we are interested in comparing the relative contribution of actual variations in observed income levels, and variations in inequality, to variations in observed aggregate expenditure patterns. As discussed in the introduction, this is important given the current direction in the CGE literature on inequality. As a second point, we are also interested in using consumption data to index cross-country inequality patterns. To this end, we compare our consumption based income dispersion indexes with Gini coefficients and Atkinson index estimates, two commonly used income inequality indexes. The subsection deals with Engel curve estimation. This is followed by examination of sample variations in expenditure patterns, and comparisons of resulting income dispersion (inequality) measures.
2.1

Engel curves
We work with data on expenditures, national incomes, and household expenditure/income shares. Expenditure data are from the Penn Word Tables (PWT) benchmark 
where w i is the share of expenditure in good i, x is the income of the consumer, a country in this case, k is the size of this country, and the parameters λ i and µ i are functions of prices only. The parameter δ indicates the degree of nonlinearity of Engel curves, and only when 1 = δ will the function be a straight line. We re-index the functional form in equation (1) across households within a country. Indexing these households by h, household Engel curves are given by the function:
where x h is expenditure and the parameters are identical for every household.
Aggregation now involves a weighted average, where the weight is the income share of every household (and by scaling k h = 1). The result is the national pattern of expenditure, as follows:
In equation (3), x o means the representative expenditure within the country, which is different from the average expenditure or income when the income distribution is unequal.
Hence, this representative expenditure can be computed as: To estimate δ, while taking into account income distribution, the whole expression in (3) has to be taken. The expression to be estimated is:
furthermore, Σ x h is the aggregate consumption expenditure in the country, X.
( )
We have estimated equation (6) using non-linear full information maximum likelihood. The results are reported in Table 1 . Turning first to the primary coefficient of interest, the estimated value for δ is highly significant. From the results for coefficients λ, four of eight final expenditure categories show a minimum expenditure share significantly different from zero. These are (1) Food, beverages and tobacco; (2) Clothing and footwear;
(4) Furniture, household equipment and operation; and (7) Recreation, entertainment and education. Given the estimate for δ, the implied income expansion paths (Engel curves) are clearly non-linear, implying a desirability to work with flexible demand systems for explicit demand system estimation (and possibly for computational modeling). We turn to this issue in Section 3, where we apply the Almost Ideal Demand (AID) System to our data.
[ Table 1 about here]
National vs. international dispersion
The results in Table 1 suggest that, at least statistically, variations in both national income levels (international dispersion) and within-country income distribution (national dispersion) are important determinants of aggregate expenditure patterns. Yet, national dispersion is not necessarily as large as income dispersion at the international level. We turn now to decomposition of Engel effects into different mechanisms: the average income effect and the dispersion effect around this average. As an illustrative example, in Table 2 we compare the predictions from the estimated Engel curves for a country with sample average values. Such a country is one with average expenditure per quintile and average population. Income distribution data refer to distribution per quintile, so that the basic data are the average expenditures per quintile. We have scaled this information taking into account that every country has a different population per quintile in order to consider the equivalent per capita expenditure and quintile expenditure. The equivalent expenditure per quintile equals the per capita expenditure for each country multiplied by the scale factor of average population per quintile. This scale factor varies depending on the sub-sample of richer or poorer countries, as we also compare the predictions for the average higher income (rich) and lower-income (poor) countries in the sample in order to compare both effects for different levels of development.
[ Table 2 , Figure 1 about here]
In Table 2 , the "income effect" rows compare the differences between predictions based on average incomes for high and low-income sub-samples, holding dispersion constant at the sample average. The "dispersion effect" columns compare differences in predicted values given maximum and minimum dispersion values in the sample, holding income constant at the average for each sub-sample. Turning first to income effects, the greatest resulting variations in expenditure shares are for the consumption of food. As a general rule, poor countries consume a larger share of necessities -mainly food and clothing -and a lower share of luxuries. To illustrate the relative magnitudes involved, Figure 1 presents the effects working from a country with full sample average values, as we alternatively vary dispersion while holding income at the average, and vary income while holding dispersion at the average. We have scaled the resulting predicted changes by the predicted income share in the case of average income and dispersion. The result in the figure gives a rough sense of relative changes in magnitude, in the sample, due to variations in the sample related to income levels and dispersion. For food, the income effect means a substantial difference amounting to roughly 11 percent of total expenditure and over 40 percent of the predicted food expenditure share around the average. Turning next to the dispersion effect, we see a similar pattern. The greatest effect is again for food consumption in absolute terms, though relative effects are comparably large for other final demand sectors as well, like housing, medical services, and other services. In relative terms, the income effect is roughly 3 times larger than the dispersion effect across the various demand categories. What does this tell us?
Based on the variation in incomes and national dispersion in the sample, the range of international incomes implies a far greater variation in expenditure shares than does intracountry variations in income. Note also that implied interaction effects appear to be relatively small. For example, for food, the impact of variations in average national representative income on food demand in Table 2 is similar for the high and low sample values for intra-country dispersion in the sample. Similarly, the intra-country dispersion effect is roughly comparable for the high and low sample values for representative national income. Beyond food, these effects are virtually identical.
Standard inequality indexes and the income dispersion index
Starting with equation (4) and our estimate of δ, we have also estimated the values of ko, hence combining the effects of income distribution and its impact on consumption. This index measures how the average income projects itself into representative demand for the whole country, and summarizes inequality as manifested by consumption shares. The estimated indicator of dispersion in the sample ranges from 1.069 to 1.925, with an average value of 1.26.
The dispersion index is based on more information than that contained in standard inequality indexes. Standard indexes are based on the second moment or the rank order of monetary income. (See for example Atkinson 1970 Atkinson , 1997 . For comparison, in Figure 2 we have plotted our estimated dispersion indexes against Gini coefficients (where available) for the same country-periods. Figure 3 ignores the aggregation problem when the income within a country is unevenly distributed.
In this section we again examine the interaction between observed inequality and expenditure patterns, this time in the context of full demand system estimation, based on our cross-country expenditure, income, and household inequality data, and with the addition of ICP price data and our estimates of representative expenditure. Given our emphasis in the previous section on non-linear Engel curves, we start with estimation of a flexible demand system. We stress exact aggregation of per capita expenditure through representative expenditure in estimation of an almost-ideal demand (AID) system, instead of the average per-capita. This is followed by an examination of the implied marginal impact of changes in income levels (from the international dispersion of income in our sample) and national income distribution (from the intra-national dispersion of income in our sample) on expenditure shares.
Demand system estimation
From Deaton and Mulbauer (1980a,b) , the AID system equations to be estimated are the following ones:
where w i is the expenditure share for good i, p j are the prices for goods j, x is expenditure and P is a price index. The condition of adding up requires:
Homogeneity is satisfied if and only if, for all j:
and symmetry is satisfied provided:
The unrestricted estimation of the model given by equation (7) will satisfy automatically the adding-up restrictions, though homogeneity and symmetry have to be tested for by imposing the conditions given by (10) and (11). The AID system is not only almost ideal but also almost linear, because the only term that causes nonlinearity is β i logP in equation (7). Stone's price index can be introduced, an option suggested by Deaton and Muellbauer, which can be computed before the analysis and used then in the estimation of (7). Then, only the equation (7) has to be estimated. The log of this price index is:
We want to include the effect of an unequal income distribution within countries in this demand flexible system. Accordingly, following Deaton and Muellbauer, we use representative instead of average per capita income in our regressions. With this approach, "representative expenditure allows a straightforward and extremely elegant way of introducing distributional and demographic considerations into demand equations" (Deaton and Muellbauer 1980 b, p. 158) .
SUR estimates of the unrestricted AID system using representative expenditures are shown in the top section of Table 3 . A logistic transformation has been employed as we are working with share data. The representative consumption expenditure x o is significant in all goods but furniture, with two necessities -food and clothing, with a negative sign for x o . The rest are luxuries -rents, medical care, transport, recreation and other consumption goodsagain with a negative sign for x o . This is expected given the logistic transformation. In average, theses goods represent the 92.37% of total consumption expenditure in this sample, so that it is representative enough for the whole set of goods and total expenditure. The last category is omitted to force additivity in the regressions. (When additivity is not imposed, for the last category "other," x o is also significant. The sign is negative in that case.)
( Table 3 about here)
The bottom section of Table 3 reports SUR estimates with a restricted model, where we try to conserve degrees of freedom by pooling prices in the slope α, so that only real per capita representative consumption is considered as an explanatory variable. It is divided into the two usual components: representative expenditure and a price index. When this restricted system is estimated, our classification of necessities and luxuries remains the same, while for all of the aggregate categories we find a significant relationship between consumption shares and the representative expenditure. While the restricted system is useful for isolating the effect of representative consumption, the log likelihood indicator shows a better fit for the unrestricted model where all prices are considered explicitly. Finally, we have also tested for both homogeneity and symmetry by imposing the restrictions in equations (10) and (11).
Based on log-likelihood ratios and the corresponding critical X 2 values for every restricted model, the estimated demand functions are as a whole non-homogeneous and non-symmetric.
Income dispersion and marginal income effects
We turn next to the marginal impact of changes national income levels and dispersion on expenditure shares. This exercise is similar to the one based on Engel curves, though we now work with our demand system estimates. changes in intra-country income distribution (as might be expected with the policy reforms modeled in multi-sector computational models) will have at most second-order impacts on aggregate demand patterns. This is consistent with the results flagged in the discussion on Table 2 . There is a statistically significant, though economically small marginal dispersion effect, always negative, which means that countries in our sample with an uneven distribution show a larger reduction in food and clothing consumption and a smaller increase in luxuries.
Again, necessities demand is more sensitive in countries where income is unevenly distributed.
Summary and conclusions
In this paper we examine linkages between aggregate household income across countries (inter-country income dispersion), distribution of that income (intra-country income dispersion), and aggregate expenditure patterns in a cross-country context. With recent emphasis in the policy modeling literature on the integration of disaggregated household data into more macro-level models with representative consumers, we need a better understanding of the importance of income distribution for aggregate demand variation. We offer evidence that aggregate demand varies systematically with income distribution within countries, giving rise to distribution-driven Engel effects. This means that, at least statistically, both inter-and intra-country dispersion matter, driving observed variations in final expenditure patterns. In At the same time, an equally important question is the economic significance of these two effects. The current emphasis in policy modeling circles on equity linkages, including high profile work sponsored by the World Bank, the IMF, and regional development banks, means that a better understanding of the range and magnitude of potential feedbacks in this area is policy relevant as well economically relevant. (See for example Reimer 2002 , Hertel et al 2004 We interpret our results as follows. Observed variations in demand suggest that beyond some second order substitution related to food, the economic impact of changes in equity on aggregate demand are not likely to be great in most policy modeling contexts. (The one obvious exception is changes that directly target distribution of income, such as changes in progressive tax structures or the distribution of benefits and subsidies.) We conclude that computational modeling based on an appropriately specified aggregate household, with side calculations related to equity, should therefore be sufficient in many circumstances.
Finally, we also present an alternative set of inequality indexes. These are income dispersion indexes, and embody information on how income inequality interacts with variations in expenditure patterns. These consumption variance indexes perform in a similar manner to Gini coefficients and Atkinson indexes, with similar patterns of variation across countries and time. 
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